This paper examines the short and long term effects of information and communication technology (ICT) on inclusive human development in a panel of 49 Sub-Saharan African countries for the period 2000-2012. ICT is measured in terms of mobile phone penetration, internet penetration and telephone penetration rates. While mobile phone penetration has positive short run and long term effects on inclusive human development, the effects of internet and telephone penetrations are insignificant. Moreover, the long term inclusive human development benefits of the mobile phone are higher than the corresponding short term rewards. Policy implications are discussed.
Introduction
Investigating the relevance of ICT in inclusive development in Sub-Saharan Africa (SSA) fundamentally builds on four principal factors. They include the fact that the region is characterised by, inter alia: (i) a lagging status in knowledge-based economies; (ii) growing poverty levels; (iii) greater opportunities for ICT penetration and (iv) a stream of recent literature on the benefits of ICT for inclusive human development.
First, it is now clear that globalisation is an indispensable phenomenon which can only be neglected by nation states at the price of jeopardising their prosperity as well as those of their citizens. Accordingly, it is a hard fact that for countries to be competitive in the global arena, they have to play by the rules imposed by the competitive process of globalisation. In the 21
st century, such competition is fundamentally centred on knowledge-based economies (see Asongu, 2015a; Tchamyou, 2016; Oluwatobi et al., 2015) . Generally speaking, these authors emphasised the following three key outcomes: (i) the mechanics of knowledge economy have been mastered by European and North American countries. These states are steering the speed and nature of economic development in the international arena (ii) the historic road map formulated by Japan has set the pace for Malaysia, China and the Newly Industrialised countries in Asia (Taiwan, South Korea, Hong Kong and Singapore) (iii) economies of Latin America are responding in considered steps that underscore the relevance of knowledge in the pursuit of national and regional goals. Unfortunately, whereas the knowledge economy trend is encouraging for other regions of the world, the overall index in Africa has been decreasing since the year 2000 (see Anyanwu, 2012; Asongu, 2015b) .
Second, with regard to increasing poverty levels in Africa, a report in 2015 by the World Bank on the achievement of Millennium Development Goals (MDGs) has revealed that extreme poverty has been decreasing in all regions of the world with the exception of Africa where close to half of the countries in sub-region were substantially off-track from attaining the MDG extreme poverty target (World Bank, 2015) . It is interesting to note that this puzzling statistic is discouraging because the sub-region has been enjoying more than two decades of resurgence in growth that began in the mid-1990s (see Fosu, 2015a, p. 44) . The troubling extreme poverty trends in Africa have motivated a growing stream of literature that is focused on elucidating the continent's human welfare tragedy. For instance, Kuada (2015) has proposed a paradigm shift to soft economics or human development as a means to understanding the poverty trends in the continent. Fosu (2015bc) has edited a plethora of studies dedicated to investigating if the growth resurgence in the continent is a myth or reality. There are also branches of the literature that have focused on, inter alia: (i) correlates 4 of poverty (Anyanwu, 2013a (Anyanwu, , 2014a ; (ii) gender equality (Elu & Loubert, 2013; Anyanwu, 2013b Anyanwu, , 2014b Baliamoune-Lutz, 2007 & McGillivray, 2009 Baliamoune-Lutz, 2007 ) and (iii) reinventing foreign aid for employment with inclusive and sustainable development (see Simpasa et al., 2015; 1 .
Third, compared with other regions of the world, the potential for ICT penetration in Africa is greatest. Penard et al. (2012) and Asongu (2015c) have recently shown that the possibilities for internet and mobile phone penetrations are substantially higher in Africa. The implication is that ICT has the potential to generate a number of inclusive development externalities. By contrast, ICT penetration rate in high-end markets in North America and Europe are reaching saturation points.
Fourth, an interesting body of literature has documented a multitude of rewards from ICT in less developed countries. Such benefits have included: (i) greater opportunities for entrepreneurial activities (Ondiege, 2010, p. 11) ; (ii) more efficiency in household management (Asongu, 2014a; Al Surikhi, 2012) ; (iii) purging of agricultural wastes through reductions in supply-demand mismatches as well as constraints from the demand and supply sides (see Muto & Yamano, 2009; Aker & Fafchamps, 2010) ; (iv) enhancement of inclusive finance (see Kirui et al. 2013, p. 141; Singh, 2012, p. 466) ; (v) narrowing of gaps between urban and rural development (see Chan & Jia, 2011, pp. 3-5; Qiang et al., 2011, pp. 14-26) ;
(vi) empowerment of women from an economic standpoint (Ojo et al., 2012; Maurer, 2008) ;
(vii) mitigation of income inequality (Asongu, 2015d) and (viii) promotion of informal finance at the expense of formal financial development (Asongu, 2013a) .
In the light of the above motivations, this study contributes to the extant literature by investigating the effect of ICT on inclusive human development in Sub-Saharan Africa. The study in the literature that is closest to this inquiry is Asongu (2015d) which employs exclusively mobile penetration as the ICT indicator. Moreover, the study is based on crosssectional data (of the year 2009), such that the findings can only be interpreted as correlations, not causality. Such leaves very little room for sound policy implications. Hence, the present study is novel by using a panel sample for the period 2000-2012 to assess both long and short term effects of ICT on inclusive human development. The estimation technique is also designed to address concerns of simultaneity and the unobserved heterogeneity which are possible causes of endogeneity in Asongu (2015d) . In essence, whereas the fourth motivation
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There is also an interesting body of literature on the relationship between aid, happiness and well-being (see Arvin & Lew, 2010ab, 2011 .
is substantiated in Section 2 in order to clearly show how the present inquiry contributes to the extant literature, the cotemporary policy relevance of the inquiry has been articulated in the first-three motivations. Regardless of the incentives for the study, scholars are increasingly cautioning ICT not to be considered as a silver bullet for economic development (Mpogole et al., 2008, p. 71; Asongu & Nwachukwu 2016a) .
The rest of the inquiry is organized in the following manner. The theoretical underpinnings and related literature on the nexus between ICT and development outcomes are presented in Section 2. Section 3 discusses the data and methodology while Section 4 reports the empirical results. Section 5 concludes with implications and future research directions.
Related literature and theoretical underpinnings

ICT and inclusive development
There are a multitude of inclusive development rewards from ICT penetration in developing countries. As recently documented by Asongu and Nwachukwu (2016b) In the first category, a substantial part of the literature has been documented on the relevance of ICT in non-exclusive development, notably in terms of how women are empowered via mechanisms of financial inclusion. Some of the documented mechanisms have comprised better management of small and medium sized corporations by female entrepreneurs and enhanced coordination in the management of households (Asongu, 2014a) .
Other recognized benefits are, among others: education, cost-effectiveness, multi-tasking and better gender equality policies from governments (see Jonathan & Camilo, 2008; Maurer, 2008; Ojo et al (2012); Ondiege, 2010 Ondiege, , 2013 Al Surikhi, 2012; Asongu, 2015d) 2 .
In the second classification, benefits are apparent in a growing stream of literature on the importance of ICT in improving the delivery of health services. Accordingly, ICT enables 6 facilities that render medical services more affordable (see West, 2013) . Hence, income and geography barriers which traditionally limit access to health care are increasingly being lifted with the help of ICT. Some of the documented mechanisms through which such positive externalities can be achieved are: efficiency in laboratory tests, examination of medical records and access to referenced medical material. Such medical services have been adapted with ICT to: (i) enhance patient feedback as well as boost self-monitoring (Bauer et al., 2010) ;
(ii) consolidate treatment and observation of sick people with tuberculosis (Hoffman et al., 2010) and (iii) provide more effective organization and management of appointments in clinics and hospitals (De Costa et al., 2010) . The population that is benefiting most from this improvement in health services is in rural areas with geographical and income barriers (see Kliner et al., 2013) . The stance of Kliner et al. (2013) on the substantial weight that ICT exerts in reducing poverty in rural communities has been confirmed by Kirui et al. (2013) :
'We conclude that mobile phone-based money transfer services in rural areas help to resolve a market failure that farmers face; access to financial services' (p. 141).
In the third aspect on how ICT reduces the rural-urban gap, the relevant literature can be discussed in three main strands, notably, in terms of: (i) tackling unemployment issues on the one hand and on the other, addressing concerns in the production and distribution of food;
(ii) supporting start-ups like small and medium corporations and cooperatives and (iii) reducing supply-side and demand-side obstacles to productivity in the agricultural sector.
In the first strand, obstacles to employment on the one hand and on the other, the production and distribution of agricultural products in rural communities are increasingly being limited with the employment of ICT applications. 
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The above narratives in the third category are broadly in line with the World Bank on the importance of ICT in agricultural and rural developments (see Qiang et al., 2011, pp. 14-26) . The view is shared by Chan and Jia (2011) on the benefits of ICT in financial access 'mobile banking is an ideal choice for meeting the rural financial needs' (p. 3), partially due to the growing 'rates for bank transfers through mobile cell phones at commercial banks' (p.
5). As shown by Warren (2007) , the positive rewards from ICT are noticeable in rural areas.
This is partly traceable to the fact that by acting as an information sharing mechanism, ICT mitigates information asymmetry by breaking barriers to the purchase of commodities and acquisition of information. As a case in point, ICT is increasing inclusive finance in Indian rural communities (see Singh, 2012, p. 466) , partly because in the country, 'Telecommunication infrastructure growth especially mobile phone penetration has created an opportunity for providing financial inclusion' (Mishra & Bisht, 2013, p. 503) .
Intuition and theoretical underpinnings
The theoretical foundations of the inquiry are broadly in accordance with income convergence literature that has been substantially documented within the context of neoclassical growth frameworks (Barro, 1991; Baumol, 1986; Mankiw et al., 1992; Barro & Sala-i-Martin, 1992 and recently extended to other fields of economic development, notably, in: financial markets (see Narayan et al., 2012; Bruno et al., 2012) ; negative economic and institutional signals (Asongu & Nwachukwu, 2016cd) and inclusive human development (Asongu, 2014b) . The two views accord with the hypothesis that reducing cross-country variations in underlying factors is the foundation of common policies.
In the post-Keynesian epoch, growth theories that became popular with the reemergence of the classical revolution have eased cross-country reduction in differences in per capita income. Under this canopy, the relevance of economic growth theories based on catchup was provided by an extension of market equilibrium concepts. Within this framework, declining cross-country differences in per capita income level is the outcome of policies that are in accordance with 'free-market competition' (Mayer-Foulkes, 2010).
The engaged theoretical framework aligns with the present inquiry in that we are employing an estimation technique that models catch-up in inclusive human development.
Moreover, variables in the conditional information set used to assess the presence of such catch-up include ICT. In other words, there is an underlying hypothesis that when ICT is combined with other macroeconomic factors in the conditioning information set, some form of catch-up in inclusive human development is facilitated among countries in SSA. 
Data and methodology
Data
The study assesses a panel of forty-nine countries in Sub-Saharan Africa with data from the United Nations Development Programme (UNDP) and the African Development
Indicators of the World Bank for the period 2000-2012. Borrowing from recent literature on inclusive development in Africa (Asongu et al., 2015) , the dependent variable is proxied with the inequality adjusted human development index (IHDI). The human development index (HDI) can be defined as the mean of achievements in the following three principal categories:
(i) decent living standards; (ii) knowledge and (iii) long life and health. Further to taking the underlying achievements into consideration, the IHDI also controls for how such achievements are distributed within the population by factoring the mean value of each dimension with the corresponding level of inequality. The proxy is better for inclusive development because it integrates both the 'absolute pro-poor' and 'relative pro-poor' concepts of inclusive development since it accounts for poverty and inequality in that order.
Whereas poverty is considered because it is closely related to the aforementioned components of human development, inequality is also integrated because the underlying three components are adjusted for disparity in living standards. It is important to note that both the relative propoor growth (Dollar & Kraay, 2002) and absolute pro-poor growth (Ravallion & Chen, 2003) concepts are adopted by the study. Such mitigates the implications of the criticisms by Lopez & Serven, (2004) and Klasen (2005) on studies in which the measurement of inclusive development is entirely limited to monetary aspects. In summary, our choice of inclusive development indicator include: (i) pro-poor ameliorations in social opportunities and (ii) equal access to economic opportunities. Besides, the concept, definition and measurement of our indicator of IHDI are consistent with at least six of the seventeen SDGs 3 .
Consistent with the recent African knowledge economy literature (Penard et al., 2012; Tchamyou, 2016; Asongu, 2015c) , three ICT variables are employed, namely: mobile phone penetration, internet penetration and telephone penetration.
This study includes five main additional variables in order to control for omitted variable bias: They are: (i) the lag of the dependent variable, (ii) overseas development assistance, (iii) private domestic credit, (iv) remittances and (v) foreign direct investment.
First, the impact of foreign aid on inclusive human development in Africa is still subject to debate. From recent literature, whereas Asongu (2014e) has concluded that foreign aid is perilous to inclusive human development in the continent, Asongu and Nwachukwu (2016e) have clarified Asongu (2014e) by suggesting that the effect may either be positive or negative depending on the estimation techniques, periodicity of study and whether the unobserved heterogeneity is sufficiently accounted for. Second, private domestic credit is expected to positively affect inclusive human development because it is a means of ensuring social mobility and reducing unemployment. Third, remittances should positively influence the outcome variable because they are used for consumption purposes, for the most part (see Ssozi & Asongu, 2016) . Fourth, the effect of foreign direct investment (FDI) is inconclusive and could be either positive or negative. The intuition for the expected signs on the control variables is derived from a broad stream of literature on the quality of growth Anand et al., 2012; Seneviratne & Sun, 2013; Mlachila et al., 2014; Asongu & Nwachukwu, 2016b) .
The definitions of variables (with corresponding sources) are disclosed in Appendix 1
while Appendix 2 provides a summary of statistics for the selected indicators. From these statistics two facts are obvious. On the one hand, the mean values are comparable. On the other, from corresponding standard deviations we can be confident that reasonable estimated linkages will emerge. The correlation matrix is provided in Appendix 3. It enables the study to avoid concerns of multicollinearity that are apparent in the ICT variables.
Methodology
Specification
The Generalised Method of Moments (GMM) with forward orthogonal deviations is adopted as our empirical strategy. There are five main factors underlying the choice of this estimation approach. The first and second are fundamental requirements for the employment of the GMM method, whereas the last-three are corresponding advantages. First, the number of cross sections (N) is higher than the number of time series in each cross section (T). This is essentially because we have 49 countries in total and 13 years in each country. Second, the condition for persistence in the outcome variable is fulfilled because the correlation between the inclusive development variable and its first lag is 0.984, which is above the 0.800 threshold used to ascertain persistence in an outcome variable. Therefore the lagged dependent variable is included in the model specification. Third, cross-sectional variations are included in the estimation technique. Fourth, the GMM approach also controls for potential endogeneity in all regressosrs by using (i) explanatory variables that are instrumented to control for simultaneity and (ii) time-invariant fixed effect variables to control for the omitted factors and heterogeneity that is unobserved. Fifth, biases of small sample nature in the difference estimator are reduced with the system estimator. It is principally for this last reason that a strong consensus has been established in the literature (see see Bond et al., 2001 ) on the advantage that the system estimator (Arellano &Bover, 1995; Blundell & Bond, 2001 ) has over the difference estimator (Arellano & Bond, 1991) .
Within the specific context of this inquiry, an extension of Arellano and Bover (1995) by Roodman (2009a Roodman ( , 2009b ) is adopted because the estimation approach has been recognised to limit instrument proliferation that could potentially bias estimation output (see Baltagiet al.,
2008; Love & Zicchino, 2006; Asongu & Nwachukwu, 2016b) . In the specification, a twostep procedure is preferred to the one-step because it accounts for heteroscedasticity. It is important to note that the one-step procedure is consistent with homocedasticity.
The following equations in levels (1) and first difference (2) summarize the standard system GMM estimation procedure.  the error term.
Identification, simultaneity and exclusion restrictions
Borrowing from recent literature (see Dewan & Ramaprasad, 2014; Asongu & De Moor, 2016) , all independent indicators are considered as predetermined or suspected endogenous variables. Time-invariant omitted indicators are treated exclusively as strictly exogenous while the procedure for treating the corresponding ivstyle(years) is 'iv(years, eq(diff))'. This is essentially because it is not very likely for years to become endogenous after firstdifference (see Roodman, 2009b) .
The issue of simultaneity is tackled with lagged regressors that are employed as instruments for indicators that are forward-differenced. Accordingly, the fixed effects that could eventually affect the investigated linkages are purged using Helmet transformation on the regressors (see Arellano & Bover, 1995; Love & Zicchino, 2006) . First, the fact that the estimated coefficients corresponding to the lagged dependent variables are between 0 and 1 implies that some form of catch-up is apparent 5 . In other words, within the sample region of SSA, countries with low levels of inclusive human development are catching-up their counterparts with higher levels of inclusive human development. This evidence of catch-up is consistent with the theoretical underpinnings provided in Section 2.
Empirical results
Second, while the mobile phone has positive short run and long term effects on inclusive human development, the effects of internet and telephone penetrations are not significant.
Moreover, the long term inclusive benefits of mobile phones are higher than corresponding short term impacts. For example in the second column of Table 1 5 We invite the interested reader to consult Fung (2009, p. 58) , Prochniak and Witkowski (2012a, p. 20) , Prochniak and Witkowski (2012b, p. 23) and Asongu (2013b, p. 49) for insights into the criteria for catch-up. 2) The failure to reject the null hypotheses of: a) no autocorrelation in the AR(1) & AR(2) tests and; b) the validity of the instruments in the Sargan OIR test.
Concluding implications and future research directions
This paper has examined the short and long term effects of information and The edge of the mobile phone could be traceable to the fact that it is more accessible to the poor compared with our other selected two forms of ICT, namely internet penetration and telephone penetration. First, the internet is comparatively more expensive. Unlike the mobile phone that requires an initial cost of purchase, after which the user engages the 'pay as you go' option with minimum financial constraints and/or obligations, with the internet, considerable periodic financial obligations are required by the ICT operator or telecommunication company for the most part. Second, with regard to telephone subscriptions, it is important to note that many citizens in Sub Saharan Africa have more access to mobile phones compared to fixed phones that are considered to be relatively outdated. This narrative/justification is broadly supported by Lunden (2015) . It follows from the above discourse that the fixed telephone and internet are more skewed towards the rich segments of the population.
In the light of the above, it is not enough to own a fixed phone and be connected to the internet in order to achieve inclusive development. Three primary reasons can be identified.
14 First and foremost, a multitude of lives have been transformed with the help of the mobile phone because it enables previously unbanked users to have access to phone-related money storage and transfer systems. Therefore mobile phone penetration (both in terms of width and depth) is increasingly providing sampled countries with cost-effective mechanisms by which a hitherto financially-excluded segment of the population now has greater access to finance for, inter alia: better health services plus more and better quality education.
Second, the mobile telephone assists households of sampled countries in budget management, especially when they are confronted with unpredictable poverty-friendly externalities. The probability of a socio-economically underprivileged family to incur substantial losses owing to an unpredictable shock can be reduced if the household is able to timely respond to shocks. Therefore, compared to other ICT mechanisms, the mobile phone has the most apparent effects on inclusive human development because it decreases poverty consequences associated with shock experiences. Features in the better management of household finance and coping with shocks with the help of the mobile phone include:
enhanced information access, lower transportation cost and better efficiency in responses to household shocks. In essence, when households of our sample of SSA countries are faced with critical economic, health and educational situations, quick positive feedbacks (with the mobile phone) can be associated with substantial cost-mitigation and saving of income.
Therefore, it is relevant to involve security improvements that provide advantages in loss of poverty as a result of mobile phones. For example, a household's ability to mitigate the number of overnight days in the hospital and/or its ability to reduce transportation cost in critical scenarios is facilitated with the fast dial of a mobile phone. In summary, the device used for communication endows mechanisms by which the following are possible, inter alia:
reduced surprises and timely responses, planning during shocks and multi-tasking.
Third, it is likely that the mobile phone empowers the female gender to run existing corporations more efficiently as well as to create new businesses. This ultimately enables the poor to bridge gender inequality and poverty gaps. The dimension of inequality is important because information rents previously enjoyed by the rich and more privileged factions of the population are reduced to a minimum, partly because of the wide accessibility to mobile phones. This inference is broadly consistent with a cross-sectional study by Asongu (2015d) which is based on correlations.
With respect to the established long term higher positive effects, mobile phones engender long-term per capita growth investment for the poor because households are for the most part usually prepared to cope with some short term sacrifices in the hope that the mobile phone will enhance income and job opportunities in the long term. 
